Background: Recent studies have claimed that the C-terminal of E1A binding proteins (CtBPs) influence tumorigenesis through participating in cell signal transduction in various human tumors. However, the detailed expression profiles of CtBP isoforms in human gastric cancer (GC) and the molecular mechanisms of CtBP involvement in tumor cell phenotypes warrant further investigation. Materials and methods: The expression of CtBPs in GC cell lines and a human gastric epithelial cell line were explored via RT-qPCR and Western blotting assays. Moreover, the expression profiles of CtBPs in GC and histologically noncancerous tissues were explored by immunohistochemistry. To explore the effects of CtBP1 on the metastatic phenotype in GC, gastric epithelial cells were transfected with a eukaryotic expression plasmid to overexpress CTBP1, and the endogenous CtBP1 or JAK1 in GC cells was silenced through an RNA interference (RNAi) method. These transfections were validated via Western blotting, and the activation state of the JAK1/Stat3 signaling pathway was also explored via Western blotting. Furthermore, the malignant phenotype of GC cells was evaluated via a Cell Counting Kit-8 (CCK8) assay, colony formation assay, transwell assay, and wound-healing experiment. Results: Our data revealed that the expression of CtBP1, but not CTBP2, was upregulated in 102 GC tissue samples compared with 98 noncancerous tissue samples, and the elevated expression level of CtBP1 was notably associated with distant metastasis. CTBP1 modulated cell migration and invasion through the JAK1/Stat3 signaling pathway in gastric epithelial cells. In addition, genetic silence of CtBP1 expression in GC cells notably constrained cell proliferation, invasion and migration abilities through inhibiting the activation of the JAK1/Stat3 pathway in GC cells. Conclusion: Our data reveal that the knockout of CtBP1 notably constrains distant metastasis in GC through the JAK1/Stat3 pathway, suggesting that targeting CtBP1 is a practical anti-tumor approach to restrain tumor progression in GC.
Introduction
The main reason for the poor prognosis of gastric cancer (GC) is metastasis and recurrence, and the overall 5-year survival rate is less than less than 20-25% in the USA, Europe, and China. [1] [2] [3] To date, restraining the recurrence and metastasis of GC has proven to be a limiting point in the therapy of this disease; once tumors progress to the metastatic stage, there are currently no feasible and efficient therapies. 4 The C-terminal of E1A binding protein (CtBP) was originally identified based on its ability to bind the carboxyl terminus of the adenovirus E1A oncoprotein. 5 As a corepressor, CtBP binds to transcription factors (and E1A) through a conserved PXDLS peptide motif to carry out its function. 6 CtBPs are genetically coded from two DNA fragments; the mRNA products of CtBPs are spliced at their 5ʹ ends to generate two protein isoforms, CTBP1 and CTBP2. 7 CtBPs are expressed at high levels during development and participate in axial patterning, cellular proliferation, and differentiation within many organs, including the eyes, heart, brain, placenta vasculature, and muscles. 8 Genetically engineered mutations in CtBPs have adverse consequences on the development of organs/tissues, confirming the role of CtBPs as critical regulators of organogenesis and tissue morphogenesis. 9, 10 For example, CtBP2-null mice are embryonic lethal and often exhibit axial truncations, heart defects, and incomplete neural development 11, 12 .
Recently, CtBPs were revealed to be transcriptional corepressors that interact with certain DNA-binding transcription factors to implement various functions in both developmental and oncogenic processes. 13 The importance of the CtBP corepressor complex in multiple developmental programs suggests that the overexpression of CtBPs in adult tissues could play a role in both tumorigenesis and tumor progression. 10 Knockout-and gain-of-function studies have confirmed that CtBPs are regulators of sequence-specific DNA-binding transcription factors that control segmentation, the epithelial-mesenchymal transition (EMT), and apoptosis. [14] [15] [16] Tumorigenic cells frequently exhibit a more embryonic phenotype than normal cells, having been reprogrammed to activate survival, proliferation, and other cancer hallmark pathways, suggesting that inhibiting developmental transcriptional pathways in cancerous tissue may be an effective therapeutic approach. 8 In addition to being overexpressed, CtBP can also be hyperactivated in cancer cells through other means. 17 Target proteins regulated by
CtBP have been revealed through detection of certain CtBPbinding transcription factors that can bind CtBP at its gene promoters. 18, 19 In this regard, it has been observed that the expression level of E-cadherin, which is well accepted as a cell adhesion gene, is suppressed by CtBP through the binding of CtBP with zinc-finger E-box-binding homeobox (ZEB), revealing the potential molecular mechanism for CtBP-mediated metastasis. 20 Previous data have revealed that CtBP has conspicuous amino acid sequence homology with NADHdependent dehydrogenases, and it is well known that tumor cells frequently have elevated NADH levels due to NADH production under hypoxic and pseudohypoxia conditions. [21] [22] [23] Recent reports have revealed that NADH can bind to CtBP with high affinity, leading to a structural alteration in CtBP that enables its interaction with transcriptional repressors. [24] [25] [26] A recent study demonstrated that high NADH levels under hypoxic conditions are involved in a reduction in E-cadherin transcription in tumors, leading to the oncogenic action of CtBP in vivo. 27 These properties provide a unique opportunity for cancer-specific therapy that potentially spares normal tissues. However, at present, there is no report on the impact of CtBPs on tumorigenesis in a specific human malignancy, GC. Hence, the objective of this study was to detect the expression profiles of CtBPs and the molecular mechanisms of the role of CtBPs in the malignant phenotype in GC.
Materials and methods

RNA extraction and quantitative realtime PCR (qRT-PCR)
Total RNA was isolated from cultured cells using TRIzol reagent (Thermo Fisher, Wilmington, DE, USA). Firststrand cDNA for CTBP1 was synthesized using a High Capacity Reverse Transcription System Kit (Takara, Dalian, China). Then, qPCRs were performed using a Universal SYBR Green PCR Kit (Takara) and ran on an ABI 7500 Real-Time PCR System (Applied Biosystems, Foster City, CA, USA). The results were assessed with the 2-ΔΔCt method using GAPDH or U6 small RNA as the housekeeping gene for normalization of CTBP1 expression. The qRT-PCR primers included primers for CTBP1 (sense primer, 5′-CGCC-AGTGACCAGTTGTAGC-3′, antisense primer, 5′-CGT-GATGATGCCGTCTTCA-3ʹ), CTBP2 (sense primer, 5′-ATCCACGAGAAGGTTCTAAACGA-3′, antisense primer: 5′-CCGCACGATCACTCTCAGG-3′) and β-actin (sense primer, 5′-GCACCACACCTTCTACAATGAG-3′, antisense primer, 5′-ACAGCCTGGATGGCTACGT-3′).
Western blotting
The protein in supernatant was extracted and quantified using bicinchoninic acid (BCA) Protein Assay Kit (Pierce Chemical Co., Rockford, Illinois, USA). Equal amounts of protein (thirty micrograms) were denatured at 98°C for 5 min and were separated via10% SDS-PAGE gel and electro transferred to nitrocellulose membrane (Millipore, Temecula, California, USA). Next, the membranes were blocked overnight at 4°C with 5% non-fat milk power, probed with the following primary antibodies at 37°C for 2 h: Rabbit anti-human CTBP1(#8684), rabbit anti-human CTBP2 (#13,256), Rabbit anti-human phospho-Stat3 (#9145), rabbit anti-human Stat3(#12,640), rabbit antihuman phospho-JAK1 (#74129), rabbit anti-human JAK1 (#29,261) were purchased from Cell Signaling Technology (Boston, USA), and mouse anti-human β-actin (ab8227) were purchased from Abcam (Massachusetts, US). After washing, the membranes were further incubated with horseradish peroxidase (HRP)-conjugated secondary antibodies (Cell Signaling Technology, Inc, Danvers, MA, USA) at a 1:1000 dilution for another 2 h. Finally, the protein binds were visualized using ECL kit (Biorobot, Shanghai, China) on Bio-Rad ChemiDoc MP imaging system (Bio-Rad Laboratories, Hercules, CA, USA).
Patients and tissue specimens
Our research was performed with the approval of the Research Ethics Committee of First Hospital of Jilin University. The participants signed written informed consent prior this research. Tissues were gathered from 102 patients who underwent surgical resection at First Hospital of Jilin University between January 2005 and June 2012. The patients were chosen on account of the following principles: pathological diagnosis of GC; no prior or second tumor; no history of chemotherapy and radiotherapy. All excised tissues were immediately frozen in liquid nitrogen and stored at −80°C for the following study. The clinicopathologic parameters of GC patients, containing age, gender, distant metastasis, and TNM stage, were summarized and shown as 
Immunohistochemistry
An immunohistochemistry assay was carried out as described previously, 28 and the antibodies used were rabbit anti-human CTBP1 and p-JAK1 antibodies. The negative control was incubated with isotype antibodies at the same dilution as the CTBP1 and p-JAK1 antibodies. Expression of CTBP1 and p-JAK1 in the cell nucleus was taken as positive. Staining was assessed, and scoring of CtBP and p-JAK1 protein expression levels was classified semi quantitatively based on the total combined percentage of positively stained tumor cells and the staining intensity, as previously described. 29 Afterwards, all patients who underwent surgery or adjuvant chemotherapy were followed for up to 5 years on an outpatient basis or through telephone interviews to confirm the living status of each patient for 5-year Kaplan-Meier survival analysis. Patients who died due to diseases other than GC were excluded from the present study.
Cell culture and transfection
Human GC cell lines (BGC-823、SGC-790、MKN-4、MKN45) and a human gastric epithelial cell line (GES-1) were purchased from the Institute of Basic Medical Sciences, Chinese Academy of Medical Sciences (Beijing, China). All cells were cultured in RPMI 1640 medium (Gibco, Carlsbad, CA, USA) containing 10% fetal bovine serum (FBS, Gibco) at 37°C in a humidified atmosphere of 5% CO2. The full-length fragments of CTBP1 were inserted into a pNSE-IRES2-EGFP-C1 vector to generate a CTBP1 overexpression plasmid (constructed and amplified by KeyGEN BioTECH), with empty pNSE-IRES2-EGFP-C1 vectors serving as a negative control (vector). GES-1 cells were seeded into 6-well plates at a density of 1.2×10 5 cells/well, followed by transfected with the above products with Lipofectamine 2000 reagent (Invitrogen, Carlsbad, CA, USA), and G418 (Sigma, St. Louis, MO, USA)-resistant clones were expanded in culture as a monoclonal population.
Cell counting kit-8 (CCK8) assay
Cells were seeded at a density of 3×10 5 cells/well into 96-well plates in triplicate and cultured at 37°C overnight in an incubator. A growth curve was drawn based on the growth every 12 h over 4 days as analyzed via a colorimetric water-soluble tetrazolium salt kit (CCK-8; Dojindo Molecular Technologies, Inc., Kumamoto, Japan) in accordance with the manufacturer's protocol.
Colony formation assays under 2D culture conditions
Colony formation assays were carried out as described previously. 28 Cells were maintained in 60-mm cell dishes at a density of 600 cells per dish until visible colonies were formed.
Transwell chamber method
Cell migration and invasion ability was evaluated using Transwell chambers (BD Biosciences, San JGCe, CA, USA) in 24-well plates. Briefly, SGC-790 and GES-1 cells supplemented with serum-free medium were added into the upper chambers. The bottom chambers were filled with complete medium containing 10% FBS. Approximately 16 h after incubation, the cells on the basal side of the membrane were fixed and stained with hematoxylin (Sigma, St. Louis, USA); then, the migrating and invading cells were counted in three random visual fields using a microscope (Olympus, Tokyo, Japan).
Wound-healing assay
Cells were cultured as a monolayer in RPMI 1640 medium (Gibco, Carlsbad, CA, USA) containing 10% FBS (Gibco) at 37°C to 60% confluence in 6-well dishes (Costar, Corning, Cambridge, MA). Then, the monolayer was scratched using a 20-μl pipette tip and washed 3 times with PBS. The scratches were imaged in the same field of view at 0, 12 and 24 h with a light microscope (E100; Nikon Corporation; magnification, 200x).
RNA interference (RNAi) method
The GC cells with CTBP1 or JAK1 silencing was established via an RNA interference (RNAi) method, the pGCSIL-CTBP1-RNAi or pGCSIL-JAK1 -RNAi plasmid was used to silence the expression of CTBP1 or JAK1 in GC cell line SGC-790, and the pGCSIL-scramble plasmid was used as negative control. The pGCSIL-CTBP1-RNAi, pGCSIL-JAK1 -RNAi, pGCSIL-scramble, pGCSIL-green fluorescent protein (GFP), VSVG expression plasmid, virion-packaging elements (pHelper 1.0), and frozen glycerol bacterial stocks were purchased from Shanghai GenePharma Biotech Co., Ltd.
(Shanghai, China). The process of cell transfection was the same as described previously. 30 
Statistical methods
All experiments were independently performed at least three times. The data are presented as the mean ± standard deviation (SD). The statistical significance of differences between groups was assessed by Student's t-test or ANOVA using SPSS 20.0 software (SPSS, Inc., Chicago, IL, USA). P-values less than 0.05 were identified as statistically significant.
Results
CtBP1 was obviously upregulated in GC cells compared with human gastric epithelial cells and was associated with clinicopathologic features and prognosis
The expression patterns of CtBPs in GC cell lines (BGC-823、SGC-790、MKN-4 and MKN45) and a human gastric epithelial cell line (GES-1) were explored via RT-qPCR or Western blotting assays. Our data revealed that CTBP1 and CTBP2 mRNA and protein were highly expressed in the GC cell lines BGC-823、SGC-790、MKN-4 and MKN45 but were expressed at low levels in the human gastric epithelial cell line GES-1 ( Figure 1A-C) . In addition, there is no obvious difference in CTBP2 expression between the GC cell lines (BGC-823、SGC-790、MKN-4 and MKN45) and a human gastric epithelial cell line (GES-1) at the mRNA and protein levels.
CtBP1 was obviously upregulated in GC patients and was associated with clinicopathologic prognosis
The expression patterns of CTBP1 among the 102 GC tissue samples and 98 noncancerous tissue samples were also explored via Western blotting assay or immunohistochemistry. As revealed in Figure 2A , CTBP1 expression in GC tissues and noncancerous tissues was primarily located in cell nuclei. As depicted in Table 1 , CTBP1 was expressed in 67.6% (69/ 102) of GC tissues and 37.8% (37/98) of noncancerous tissues (Table 1) . CTBP1 was notably overexpressed in the GC tissues compared with the noncancerous tissues. Moreover, the expression of CTBP1 seemed not to be markedly associated with clinical factors such as patient age (p=0.138) and gender (p=0.374), but was associated with TNM stage (p=0.0007), p-JAK1 (p=0.0026) and distant metastasis (p=0.0014). Semiquantitative immunoblotting analysis was also performed to analyze the differences in CTBP1 expression between noncancerous tissues and GC tissues. As shown in Figure 2B and D, CTBP1 was significantly upregulated in GC tissues compared with noncancerous bone tissues (p=0.0034).
The association between CtBP1 and survival time was analyzed via Kaplan-Meier survival curves and the log-rank test. As suggested in Figure 2C , patients with tumors that were positive for the CTBP1 protein (median survival, 38.75 months) had notably shorter survival times than patients with tumors that were negative for the CTBP1 protein (median survival, 44.26 months) (log-rank P-value=0.0064).
Overexpression of ctBP1 significantly promoted the malignant phenotype of human gastric epithelial cells
Given that low CtBP1 expression was observed in the human gastric epithelial cell line GES-1, we attempted to explore the effects of CtBP1 overexpression on the metastatic phenotype of human gastric epithelial cells. GES-1 cells were transfected with the pNSE-IRES2-EGFP-C1/CTBP1 plasmid (termed the CTBP1 group) or with the pNSE-IRES2-EGFP-C1 vector as a negative control. Western blotting was used to analyze the expression of CTBP1 and the changes in the activation state of the JAK1/Stat3 pathway in these cells. As shown in Figure 3A , the proportions of phosphorylated JAK1 (p=0.0012) and phosphorylated Stat3 (p=0.0023) were significantly increased in the GES-1 cells that overexpressed CTBP1. To determine the impact of CTBP1 on the malignant phenotype of gastric epithelial cell lines, the CCK8 method was used to draw a growth curve for the GES-1 cell line. As depicted in Figure 3B , the proliferation rate of GES-1-CTBP1 cells was significantly higher than that of the vector-transfected cells (p=0.006). We also determined the ability of CTBP1-overexpressing cells to form colonies in 2D monolayer cultures ( Figure 3C ). The number of colonies formed by CTBP1-overexpressing cells was significantly higher than the number formed by the scramble-transfected cells (p=0.0002). Upon performing transwell assays ( Figure 3D ) and woundhealing assays ( Figure 3E ), we observed that cell migration and invasion ability was enhanced following the overexpression of CTBP1 in GES-1 cells. Taken together, the results suggest that CTBP1 expressing has an ameliorative effect on the malignant phenotype in gastric epithelial cells.
Knockout of ctBP1 or JAK1 decreased the migration and invasion ability of GC cells
Given that CtBP1 overexpression was observed in GC cells, we attempted to explore the effects of CtBP1 or JAK1 knockout on GC progression. As presented in Figure 4A and B, the activation state of the Stat3 pathway in GC cell line SGC-790 was explored via Western blotting. As displayed in Figure 4A , the ratios of phosphorylated and phosphorylated Stat3 (p=0.0003; p=0.0021, respectively) were significantly decreased in the SGC-790 cells with silenced CTBP1 or JAK1. Although it is observed that the JAK1/Stat3 signaling pathway was regulated by CTBP1, our data also revealed that the JAK1 silencing have no obvious effect on the expression on CTBP1 expression (p=0.723) in GC cells. Similarly, as it revealed in Figure S1 , exogenous inhibitors of JAK1 AG490 was used to treat the GC cells, our observation revealed that the exogenous inhibitors of JAK1 have no obvious effect on the expression of CTBP1 (p=0.836).
To determine the impact of CTBP1 and JAK1 on the malignant phenotype of GC cell lines, the CCK8 method was used to draw the growth curve of the SGC-790 cell line. As depicted in Figure 4B , the proliferation rate of CTBP1-RNAi or JAK1-RNAi transfected cells were significantly lower than that of the scramble-transfected cells (p=0.0017; p=0.0022, respectively). We also determined the ability of CTBP1-silenced and JAK1-silenced cells to form colonies in 2D monolayer cultures ( Figure 4C ). The number of colonies formed by CTBP1-silenced and JAK1-silenced cells were significantly lower than the number formed by the scramble-transfected cells (p=0.0032; p=0.0045, respectively). Upon performing wound-healing and transwell assays ( Figure 4D and E), we observed that cell migration and invasion ability was reduced following induced CTBP1 or JAK1 expression in SGC-790 cells. Taken together, the results suggest that CTBP1 silencing inhibits cell migration and invasion in the human GC cell line SGC-790.
Discussion
GC was reported to rank the second leading cause of cancerspecific mortality worldwide. 31 With a poor prognosis, 5-year survival rate of GC is less than 20-25% in the USA, China, and Europe. 32 However, early GC represents an excellent (over 90%) opportunity of cure through surgical resection. 2 As the increasing detection of early GC, biological therapy options have been technologically advanced both curatively and minimally invasively to maintain a good quality of life. 1, 3 Recently, dysregulated control of CtBPs expression have been revealed to be a vital originating step in the formation of certainhuman tumors. [33] [34] [35] CtBPs inhibit multiple proapoptotic and epithelial genes, and overexpression of CtBP in human cancer cells promotes the EMT and cancer cell survival. 15, 16, 36 Knockout of CtBP clearly increases apoptosis and inhibits tumorigenesis in vivo. 37, 38 However, reduced CtBP1 expression is associated with melanoma progression owing to a knockout of CtBPdependent suppression of melanoma-inhibiting gene expression in melanoma cells. 39, 40 Our previous tissue chip research has suggested that an overexpression of CTBP1 is very highly related to tumor progression in GC. These properties provide a unique opportunity for cancer-specific therapy in GC that potentially spares normal tissues. Inhibition of CtBP function is therefore an attractive anticancer therapeutic strategy, but the functions of CtBPs protein have not been clinically targeted in GC thus far. Overall, more studies on the expression profiles and roles of CtBPs in GC need to be performed. Since earlier studies implicated CtBP as a transcriptional co-repressor, several studies have also revealed context-specific roles of CtBP in transcriptional activation. 17 For instance, CtBP2 has been shown to directly activate the expression of Tiam1 in an NADH-dependent manner and to activate the transcription factor 4 (TCF-4) signaling pathway. 41, 42 In human multidrug-resistant (MDR) cancer cell lines, CtBP1 has been shown to directly activate the expression of the MDR1 gene, thereby increasing levels of the P-glycoprotein and drug resistance. 43 Interestingly, the NADH-unbound form of CtBP has also been implicated in distinct transcriptional activities unique to apo-CtBP, including the interaction with specific transcriptional regulators, p300 and Hdm2, and the transcriptional activation of Wingless pathway targets. 44 CtBP corepressors thus play multiple context-dependent roles in oncogenic processes. 12, 45 Consequently, further research to expand our present understanding of transcriptional corepressors in GC oncogenesis could impact the future development of new therapies. Janus kinase (JAK) 1, a member of receptor protein tyrosine kinases (RPTKs) which integrates signals from many cytokines and associate with the intracellular domains of surface cytokine receptors, can phosphorylate the signal transducers and activators of transcription (STATs) to modulate gene expression. 46 In the present study, the influence of CTBP1 on the JAK1/Stat3 signaling pathway in GC cells was explored, and the results suggested that CtBP1 markedly promoted the JAK1/Stat3 signaling pathway. Moreover, to further confirm our results, an GC cell line (SGC-790) with CtBP1 knockout was also established. Similar to the observations in the gastric epithelial cells, the present data showed that CtBP1 silencing resulted in inhibition of the JAK1/Stat3 signaling pathway and suppressed the metastatic phenotype in GC cell lines. Beyond that the JAK1/Stat3 signaling pathway was regulated by CTBP1, our data revealed that the JAK1 silencing have no obvious effect on the expression on CTBP1 expression in GC cells. Currently, a limited number of studies have indicated that JAK1/Stat3 signaling impacts the role of CtBPs protein in human tumorigenesis. Notably, in the present study, it was demonstrated that upregulation of CtBP1 contributes to enhancement of cell invasion and migration through the JAK1/Stat3 signaling pathway in GC. However, the detailed mechanism of how the signal is transduced from nuclear-anchored CtBP1 to JAK1 proteins remains to be elucidated. Currently, the specific molecular mechanisms of CtBPs and their role in GC remain unclear. Our results suggested that CTBP1 overexpression markedly enhanced the invasive ability of the GC cell line and revealed that CTBP1 activated Stat3 signaling via JAK1, ultimately promoting the invasive ability of GC cells. In view of the inadequate therapeutic options for GC, our assessment of the role of CTBP1 as a target protein is of great research significance.
Conclusion
In summary, our observations revealed that CTBP1 was overexpressed in GC tissues and that this overexpression was associated with distant metastasis. To validate our hypothesis, a CTBP1-overexpressing gastric epithelial cell line and a CTBP1-knockout GC cell line were established, and our data indicated that knockout of CTBP1 inhibited the proliferation, metastasis and migration of GC cells. Additionally, the JAK1/Stat3 signaling pathway was found to be involved in the influence of CTBP1 on the metastatic ability of GC cells.
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Supplementary material
The exogenous inhibitors of JAK1 have no obvious effect on the expression of CTBP1
To determine the relationship between exogenous inhibitors of JAK1 and CTBP1, GC cells were treated with the JAK1 tyrosinase inhibitor AG490.
After treatment with 20 nM of the JAK1 tyrosinase inhibitor AG490 for 24 h, the activation state of the JAK1/Stat3 pathway and CTBP1 expression in GC SGC-790 cells was explored via Western blotting. As shown in Figure S1 , the ratios of phosphorylated JAK1 (p=0.0027) and phosphorylated Stat1 (p=0.0003) were significantly decreased in GC cells following AG490 treatment. However, our observation revealed that the exogenous inhibitors of JAK1 have no obvious effect on the expression of CTBP1 (p=0.763).
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Figure S1
The tyrosine phosphorylation inhibitors AG490 was used to inhibit the JAK1 activity in GC SGC-790 cells. Western blotting was utilized to examine the expression of CTBP1 and the activities level of the JAK1/Stat3 signaling pathway. Note: Student's t-test, **p<0.01, compared with DMSO group.
